###### Strengths and limitations of this study

This is the first study to investigate the association between serum soluble corin and hyperglycaemia in a general population. In our study, we excluded participants who had a history of coronary heart disease, stroke or tumours.In addition to serum soluble corin, we obtained major conventional risk factors for diabetes, such as hypertension, blood lipids, body mass index, waist circumference, and lifestyle factors including alcohol consumption and cigarette smoking.In data analysis, all conventional risk factors obtained were controlled to reduce their confounding effects.A causal relationship between serum soluble corin and hypertension cannot be inferred because of the cross-sectional nature of the study design.We did not collect the 2 h oral glucose tolerance test and physical activity data. Lastly, we did not examine atrial natriuretic peptides to evaluate corin activity for our study participants.

Introduction {#s1}
============

Diabetes is a major risk factor for cardiovascular disease.[@R1] [@R2] In Chinese adults, diabetes and prediabetes were highly prevalent accounting for 11.6% and 50.1%, respectively, in 2010.[@R3] In recent decades, interventions against the traditional risk factors for diabetes have some benefit on the incidence and control of diabetes. However, the outcome of intervention has not been very satisfying.[@R4] [@R5] In addition, in China, only 39.7% of patients treated with diabetes medications had adequate glycaemic control.[@R3] This indicates that some unknown risk factors for diabetes may need to be studied.

Recently, corin, a type II transmembrane serine protease highly expressed in the heart,[@R6] [@R7] was found to play a physiological role in activation of atrial natriuretic peptides.[@R8] More recently, a large prospective cohort study found that a decreased level of atrial natriuretic peptides was associated with an increased risk for diabetes.[@R11] This finding indicates a potential effect of atrial natriuretic peptides on diabetes. As a physiological activator of atrial natriuretic peptides, corin might be associated with diabetes. If so, soluble corin in the circulation may be associated with hyperglycaemia, although the mechanism of the production of corin in the circulation is unclear. In the literature, circulating soluble corin has been studied in some disease states, such as osteoporosis,[@R12] heart failure,[@R13] chronic kidney disease,[@R14] pregnant hypertension,[@R15] hypertension[@R16] and obesity.[@R17] However, to date, there has been no study on the association of soluble corin in the circulation of patients with hyperglycaemia. Here, we studied the association in a general population of China.

Methods {#s2}
=======

Study participants {#s2a}
------------------

We conducted a cross-sectional study in a traditional but economically developed district of Suzhou, from January to May 2010. The participants were selected via multiphase cluster random sampling. From the total 20 urban communities and 19 rural villages in the districts, 4 urban communities and 4 rural villages were randomly selected as research fields. The participants were selected from the selected 4 urban communities and 4 rural villages. The preliminary selection criteria for eligibility were: (1) age ≥30 years, (2) Han ethnicity. There were a total of 3061 eligible residents meeting the selection criteria in the study fields, but only 2706 (participating rate: 88%) persons participated in this study. The exclusion criteria were: (1) having clinical suspicion of a disease that may cause secondary hypertension (eg, renal artery stenosis, coarctation, glomerulonephritis, pyelonephritis, phaeochromocytoma, Cushing\'s syndrome, Conn\'s syndrome), (2) self-reported history of coronary heart disease, stroke or tumours, (3) self-reported thyroid or parathyroid diseases, (4) being pregnant. After excluding 101 participants meeting the exclusion criteria and 107 participants for lacking blood samples, 2498 participants were finally included in the current analysis. This study was approved by the Soochow University Ethics Committee. Written informed consent was obtained from all study participants.

Data collection {#s2b}
---------------

Data on demographic information, lifestyle risk factors and personal medical history were collected with standard questionnaires in Chinese language administered by trained staff. Cigarette smoking was defined as having smoked at least one cigarette per day for 1 year or more and reported current smoking. Alcohol consumption was defined as consuming any type of alcohol beverage at least once per week during the past 3 years. Body weight and height were measured using a regularly calibrated stadiometer and balance-beam scale, with participants wearing light clothing and no shoes. Body mass index (BMI) was calculated as weight in kilograms divided by height in metres squared. Waist circumference (WC) was measured at the level of 1 cm above the umbilicus. Three consecutive sitting blood pressure measurements (3 min between each) were taken by trained staff, using a standard mercury sphygmomanometer, according to standard protocol,[@R18] after the subjects had been resting for at least 5 min. The first and fifth Korotkoff sounds were recorded as systolic blood pressure (SBP) and diastolic blood pressure (DBP), respectively. The mean of the three records was used in analysis.

Blood samples were obtained by venipuncture in the morning, after a requested overnight fast (at least 8 h). All plasma and serum samples were frozen at −80°C until laboratory testing. Fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were examined for all participants. All FPG and lipid indexes were analysed enzymatically on a Hitachi 7020 automatic biochemical analyser using commercial reagents (Kangxiang Medical Appliances, Shanghai, PR of China). Intra-assay and interassay coefficients of variation were less than 2% and 4%, respectively. In our study, hyperglycaemia was defined as the following: FPG ≥100 mg/dL (5.6 mmol/L) or a self-reported history of diabetes. Diabetes was defined as FPG ≥126 mg/dL (7.0 mmol/L) or self-reported history of diabetes.

Serum soluble corin was reported to be stable in blood samples frozen at −80°C. We used a quantikine human corin immunoassay (R&D Systems, Inc, Minneapolis, Minnesota, USA---Catalog: DCRN00) to examine soluble corin levels in serum. All the samples were processed in a duplicate assay. A standard curve was constructed and corin concentrations of unknown samples were determined from the standard curve. Intra-assay and interassay coefficients of variation were less than 2.7% and 6.3%, respectively.

Statistical analysis {#s2c}
--------------------

Statistical analysis was conducted using SAS statistical software (V.9.1, Cary, North Carolina, USA). Baseline characteristics were presented in participants with and without hyperglycaemia by sex. Comparisons in baseline characteristics between the two groups were performed using a Student\'s t test, Wilcoxon rank-sum test, or the χ^2^ test, as appropriate. The average level of serum soluble corin was compared between the two groups, using a Wilcoxon rank-sum test for lacking a normal distribution. Univariate and multivariate non-conditional logistic regression models were performed to assess the association between serum soluble corin and hyperglycaemia in men and women, respectively. In the current analysis, study participants were first categorised into quartiles of serum soluble corin. ORs and 95% CIs of hyperglycaemia were calculated for upper quartiles of corin with the lowest quartile as a reference. Trends in the ORs of hyperglycaemia across increasing corin categories were determined, modelling corin category as an ordinal variable. The potential covariates such as age, cigarette smoking, alcohol consumption, SBP, BMI, TC and HDL-C, were included in the multivariate model. Then, participants were categorised into two groups: low corin group and high corin group (divided by the median of serum soluble corin). The rationality is the similar prevalence of hyperglycaemia in the first two quartiles and the up two quartiles. The OR and 95% CI of hyperglycaemia associated with the high corin group compared with low corin group was also determined in men and women. A two-tailed p value less than 0.05 was considered statistically significant.

Sensitivity analysis {#s2d}
--------------------

We previously found an increased serum soluble corin in hypertensive individuals,[@R16] indicating a probable modifiable effect on the association between serum soluble corin and hyperglycaemia. To examine whether hypertension affects the association, participants with hypertension were excluded.

Results {#s3}
=======

Baseline characteristics {#s3a}
------------------------

A total of 2498 (962 men and 1536 women) participants were included in the current analysis. The average age was 52.7 years and ranged from 30 to 80 years. In men, there were 572 (59.46%) cigarette smokers, 421 (43.76%) alcohol consumers and 340 (35.34%) individuals with hyperglycaemia including 101 (10.50%) with diabetes. In women, there were 10 (0.65%) cigarette smokers, 44 (2.86%) alcohol consumers and 432 (28.13%) individuals with hyperglycaemia including 116 (7.55%) with diabetes. The median level of serum soluble corin was 2174.5 pg/mL with a range of 503.0--5335.7 pg/mL in men, and 1515.1 pg/mL with a range of 373.4--3448.8 pg/mL in women. Serum soluble corin was higher in men than in women (p\<0.001). The interaction p value of corin and gender was 0.0017. The characteristics of participants are presented in [table 1](#BMJOPEN2015009085TB1){ref-type="table"}. In men, participants with hyperglycaemia were more likely to be older and had higher levels of BMI, WC, SBP, DBP, TC, TG and LDL-C (all p values \<0.05). The percentage of cigarette smoking was lower in participants with hyperglycaemia than in those without hyperglycaemia (p\<0.001). The median level of serum soluble corin was 2306.9 pg/mL in men with hyperglycaemia, significantly higher than that in men without hyperglycaemia (2076.5 pg/mL) (p\<0.001). In women, participants with hyperglycaemia were more likely to be older and had higher levels of BMI, WC, SBP, DBP, TC, TG and LDL-C, and lower HDL-C (all p values \<0.001), compared with those without hyperglycaemia. The median level of serum soluble corin was also significantly higher in women with hyperglycaemia than in those without hyperglycaemia (1563.9 vs 1489.2 pg/mL, p\<0.001).

###### 

Characteristics of study participants by sex

                               Men (N=962)               Women (N=1536)                                                                          
  ---------------------------- ------------------------- ------------------------- --------- ------------------------- ------------------------- ---------
  Number of participants       340                       622                       --        432                       1104                      --
  Age, mean (SD)               55.25 (8.99)              52.04 (9.56)              \<0.001   55.92 (8.77)              51.02 (9.54)              \<0.001
  BMI, mean (SD)               25.80 (4.71)              24.86 (3.49)              0.001     25.38 (3.34)              24.16 (3.20)              \<0.001
  WC, mean (SD)                87.08 (8.52)              84.91 (8.57)              \<0.001   83.24 (8.59)              79.28 (8.59)              \<0.001
  SBP, mean (SD)               135.8 (16.4)              130.7 (16.8)              \<0.001   136.3 (18.0)              125.5 (15.7)              \<0.001
  DBP, mean (SD)               88.8 (9.6)                87.0 (9.6)                0.006     85.1 (8.8)                82.3 (8.3)                \<0.001
  Cigarette smoking, n (%)     176 (51.76)               396 (63.67)               \<0.001   3 (0.69)                  7 (0.63)                  0.895
  Alcohol consumption, n (%)   143 (42.06)               278 (44.69)               0.431     10 (2.31)                 34 (3.08)                 0.419
  TC, mmol/L                   5.12 (4.68--5.70)         5.00 (4.43--5.55)         \<0.001   5.43 (4.78--6.02)         5.02 (4.47--5.66)         \<0.001
  TG, mmol/L                   1.35 (0.93--2.04)         1.19 (0.81--1.74)         \<0.001   1.23 (0.91--1.78)         0.96 (0.70--1.40)         \<0.001
  LDL-C, mmol/L                3.00 (2.55--3.44)         2.87 (2.42--3.31)         0.007     3.18 (2.74--3.67)         2.89 (2.45--3.38)         \<0.001
  HDL-C, mmol/L                1.32 (1.11--1.58)         1.35 (1.15--1.58)         0.159     1.46 (1.25--1.73)         1.57 (1.33--1.81)         \<0.001
  Corin, pg/mL                 2306.9 (1896.5--2799.2)   2076.5 (1738.1--2552.6)   \<0.001   1563.9 (1345.2--1826.1)   1489.2 (1257.5--1730.5)   \<0.001

Data were presented as median (IQR) unless otherwise noted.

BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference.

Association of hyperglycaemia with serum soluble corin {#s3b}
------------------------------------------------------

When participants were categorised into four groups according to quartiles of serum soluble corin in men and women, respectively, ORs of hyperglycaemia for upper quartiles were calculated with the lowest quartile as a reference. The results are presented in [table 2](#BMJOPEN2015009085TB2){ref-type="table"}. In women, the univariate analysis showed a significant OR of hyperglycaemia for participants in the third (OR=1.51, p=0.012) and fourth (OR=1.79, p\<0.001) quartile compared with those in the lowest quartile. After multivariable adjustment, these ORs were still over 1 but the p value were not significant. ORs of hyperglycaemia positively increased with serum soluble corin quartiles after adjustment for age, cigarette smoking, alcohol consumption, SBP, BMI, TC and HDL-C (p for trend=0.050). Similarly, among men, we found a significant unadjusted OR of hyperglycaemia for participants in the third (OR=1.54, p=0.025) and fourth (OR=2.07, p\<0.001) quartile of serum soluble corin compared with those in the lowest quartile. In the multivariate analysis, participants in the fourth quartile of serum soluble corin still had significantly increased odds of hyperglycaemia (OR=1.93, p=0.002), compared with those in the lowest quartile. Moreover, ORs of hyperglycaemia significantly increased with serum soluble corin levels after multivariate adjustment (p for trend \<0.001).

###### 

ORs and 95% CI of hyperglycaemia associated with quartiles of serum corin in men and women

  -----------------------------------------------------------------------------------------------------
  Corin (pg/mL)\                     Unadjusted            Adjusted\*                         
  quartiles                                                                                   
  -------------------- ------------- --------------------- ------------ --------------------- ---------
  Men                                                                                         

   503.0--1785.9       70 (20.59)    1.00 (reference)                   1.00 (reference)      

   1786.0--2174.5      66 (19.41)    0.92 (0.62 to 1.36)   0.665        0.99 (0.65 to 1.49)   0.942

   2174.6--2646.7      94 (27.65)    1.54 (1.06 to 2.26)   0.025        1.44 (0.97 to 2.15)   0.073

   2646.8--5335.7      110 (32.35)   2.07 (1.42 to 3.02)   \<0.001      1.93 (1.28 to 2.93)   0.002

   p Value for trend                                       \<0.001                            \<0.001

  Women                                                                                       

   373.4--1280.0       87 (20.14)    1.00 (reference)                   1.00 (reference)      

   1280.1--1515.1      95 (21.99)    1.13 (0.81 to 1.58)   0.460        1.08 (0.76 to 1.54)   0.652

   1515.2--1758.5      118 (27.31)   1.51 (1.10 to 2.09)   0.012        1.28 (0.91 to 1.81)   0.156

   1758.6--3448.8      132 (30.56)   1.79 (1.31 to 2.47)   \<0.001      1.36 (0.97 to 1.91)   0.080

   p Value for trend                                       \<0.001                            0.050
  -----------------------------------------------------------------------------------------------------

\*Adjusted for age, systolic blood pressure, cigarette smoking, alcohol consumption, body mass index, total cholesterol and high-density lipoprotein cholesterol.

Notably, the prevalence of hyperglycaemia distributed in quartiles of serum soluble corin was 20.59%, 19.41%, 27.65% and 32.35% in men, and 20.14%, 21.99%, 27.31% and 30.56% in women ([table 2](#BMJOPEN2015009085TB2){ref-type="table"}). Obviously, hyperglycaemia was equally distributed in the lower and upper two quartiles individually. As a result, we further divided participants into two groups according to the median level of serum soluble corin: low and high corin groups. The OR of hyperglycaemia was calculated for participants in the high corin group compared with those in the low corin group; it is presented in [table 3](#BMJOPEN2015009085TB3){ref-type="table"}. The univariate analysis showed increased odds of hyperglycaemia in participants with high corin compared with participants with low corin among men (OR=1.87, p\<0.001) and women (OR=1.55, p\<0.001). After multivariate adjustment, the significantly increased odds of hyperglycaemia persisted where the OR of hyperglycaemia for participants with high corin was 1.66 (p\<0.001) in men and 1.27 (p=0.055) in women, compared with participants with low corin.

###### 

ORs and 95% CI of hyperglycaemia associated with high corin group compared with low corin group in men and women

                              Unadjusted            Adjusted                         
  ------------- ------------- --------------------- ---------- --------------------- ---------
  Men                                                                                
   Low corin    136 (28.27)   1.00 (reference)                 1.00 (reference)      
   High corin   204 (42.41)   1.87 (1.43 to 2.44)   \<0.001    1.66 (1.24 to 2.23)   \<0.001
  Women                                                                              
   Low corin    182 (23.73)   1.00 (reference)                 1.00 (reference)      
   High corin   250 (32.51)   1.55 (1.24 to 1.94)   \<0.001    1.27 (1.00 to 1.61)   0.055

Results of sensitivity analysis {#s3c}
-------------------------------

As shown in [table 4](#BMJOPEN2015009085TB4){ref-type="table"}, sensitivity analysis after excluding hypertensive individuals showed an increased prevalence of hyperglycaemia in the high corin group compared with low corin group among men and women. Although we did not observe a significant OR of hyperglycaemia in the high corin group compared with low corin group, the point estimate of the ORs were similar to the results in total participants in men and women. This indicated that hypertension did not affect the association between serum soluble corin and hyperglycaemia.

###### 

ORs and 95% CI of hyperglycaemia associated with high corin group compared with low corin group in men and women after excluding hypertensive individuals

                             Unadjusted            Adjusted                         
  ------------- ------------ --------------------- ---------- --------------------- -------
  Men                                                                               
   Low corin    54 (21.34)   1.00 (reference)                 1.00 (reference)      
   High corin   58 (32.77)   1.80 (1.16--2.77)     0.008      1.61 (0.98 to 2.64)   0.060
  Women                                                                             
   Low corin    97 (18.2)    1.00 (reference)                 1.00 (reference)      
   High corin   93 (21.83)   1.26 (0.91 to 1.73)   0.161      1.14 (0.82 to 1.58)   0.440

Adjusted for age, cigarette smoking, alcohol consumption, body mass index, total cholesterol, high-density lipoprotein cholesterol.

Low corin was defined as less than 2174.6 pg/mL for men and less than 1515.2 pg/mL for women. High corin was defined as over 2174.6 pg/mL for men and over 1515.2 for women.

Discussion {#s4}
==========

Corin is a type II transmembrane serine protease highly expressed in the heart.[@R6] [@R7] Recently, corin was found to play a physiological role in the conversion of the inactive precursors of atrial natriuretic peptides to mature active forms.[@R8] [@R9] Large cross-sectional and prospective studies found that a decreased atrial natriuretic peptide level in the circulation was associated with an increased risk for diabetes,[@R11] [@R19] [@R20] suggesting that deficient activation of atrial natriuretic peptides might be a risk factor of diabetes. Therefore, as a physiological activator of atrial natriuretic peptides, corin may play a potential role in diabetes. Moreover, soluble corin in the circulation is detectable and was found to have the same activity as the membrane-bound corin in activation of atrial natriuretic peptides.[@R21] If so, soluble corin in the circulation is hypothesised to be decreased in individuals with hyperglycaemia. To test this hypothesis, we conducted a cross-sectional study designed to explore the association between serum soluble corin and prevalent hyperglycaemia in 2498 adults in Suzhou, China. Our results showed a raised level of serum soluble corin in hyperglycaemia compared with euglycaemia. Logistic regression analysis found that ORs of hyperglycaemia increased with serum soluble corin levels after multivariate adjustment. These findings did not provide population-based supportive evidence for the above hypothesis that soluble corin is decreased in hyperglycaemia. Our findings seemed to show that increased serum soluble corin might be a risk factor or a biomarker for hyperglycaemia in populations.

In the present study, corin in the circulation was examined using the same commercial ELISA assay employed in previous studies.[@R13] [@R15] [@R22] [@R23] We used a serum sample other than plasma to examine corin concentration in the circulation, in consideration of the variation of corin values among plasma samples with different anticoagulants.[@R24] The range of corin detected in the individuals without hyperglycaemia in our study was similar to that reported previously.[@R23] [@R25] We found that there was a significant difference in corin level between men and women, which was consistent with other studies,[@R12] [@R13] although the reason why there was an apparent difference between genders was still unknown.

To date, there have been reports that corin concentration in the circulation was decreased in patients with heart failure,[@R13] acute coronary syndrome[@R26] and osteoporosis,[@R12] but increased in women with pregnant hypertension,[@R15] [@R27] and in individuals with hypertension[@R16] and obesity.[@R17] However, the mechanisms of the change of corin in these diseases are still a mystery. The varied corin levels in different disease states reflected a complex mechanism related to diseases. As a type II transmembrane serine protease, corin activity may be varied in normal and abnormal tissues. A previous study reported that corin expression was upregulated, whereas corin activity did not increase in failing heart tissues.[@R28] This finding indicated that corin activity was decreased but corin concentration was increased in heart failure. Confusingly, circulating plasma soluble corin levels were decreased in patients with heart failure.[@R13] In contrast, corin concentration was increased in tissues of failing heart. Does circulating soluble corin concentration stay consistent with corin level in tissues? Maybe in heart failure, corin shedding from the heart was downregulated or soluble corin clearance was accelerated. In addition, the contrast variations of corin level in the circulation and tissues indicated that corin may have other unknown functions or that there are some other unknown factors that could influence corin levels.[@R27] We found that the ORs of upper quartiles with the lowest quartile as a reference attenuated after multivariate adjustment in both men and women, indicating that these adjusted factors could affect the association of corin and hyperglycaemia.

Notably, the prevalence of hyperglycaemia was equally distributed in the first two quartiles and similar in the last two quartiles of serum soluble corin. Thus, we examined the association of hyperglycaemia with an increased serum soluble corin level. We found significantly increased odds of prevalent hyperglycaemia in participants with an increased serum soluble corin level in men and women. In addition, we found an increased level of serum soluble corin in hypertensive individuals.[@R16] This indicated a probable modifiable effect of hypertension on the association between hyperglycaemia and serum soluble corin. We conducted a sensitivity analysis after excluding the hypertensive individuals and found that the association slightly attenuated, however, with a similar point estimate of OR with the results in total participants. Our findings increased the probability that hyperglycaemia was significantly and positively associated with increased serum soluble corin. However, why corin was increased in individuals with hyperglycaemia in comparison with those without hyperglycaemia remains to be studied in various populations in the future.

To our knowledge, this is the first study to investigate the association between serum soluble corin and hyperglycaemia in a general population. In our study, we excluded participants who had a history of coronary heart disease, stroke or tumours. In addition to serum soluble corin, we obtained major conventional risk factors for diabetes, such as hypertension, blood lipids, BMI, WC and lifestyle factors including alcohol consumption and cigarette smoking. In data analysis, all conventional risk factors obtained were controlled to reduce their confounding effects.

Conclusions {#s5}
===========

We first reported the relationship between serum soluble corin and hyperglycaemia in a large sample of the general population. Our study found an increased level of serum soluble corin in participants with hyperglycaemia, and a significant association of hyperglycaemia with increased serum soluble corin. This study suggests that serum soluble corin may play a potential role in glucose metabolism and might serve as a risk factor or biomarker for hyperglycaemia. Our findings encourage further studies to determine the relationship between serum soluble corin and hyperglycaemia. The findings also produced a new research idea, that of studying the aetiology of diabetes. This study suggests that corin may be a new therapeutic target of diabetes and may have significance in promoting the prevention of diabetes and its clinical treatment.
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